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Dear Sirs 

International Patent Application No. PCT/GB03/04794 
Guoliang Fu 

I write in response to the Written Opinion dated 1 6 November 2004., to which a response is due 
by 16 December 2004. 

I enclose an amended claim set for the Examiner's consideration. It is hoped that the 
amendments and arguments set out below will elicit a positive IPER. 

In the amended claim set, the subject matter of claim 26 as previously on file has been 
incorporated into claim 1. Claim 29 is now found as claim 4 and claim 28 as claim 7. Claims 
26 to 29 have consequently been deleted and claims 4 onwards have been renumbered. Parts 
(a) and (d) of claim 35 (now 33) has been slightly reworded for clarification purposes. The kit 
claim 57 (now 59) has been amended such that it refers to the probes of any one of claims 1 to 



It is submitted that claim 1 as amended is novel over the disclosures in both Dl and D3 as 
referred to in the Written Opinion. Neither of these two documents disclose a probe having two 
template portions separated by at least one enzyme acting sequence when the probe is linear, as 
found in claim 1 as amended. Circular probes are furthermore not disclosed in either Dl or D3. 

This feature of having two identical or near identical template portions separated by at least one 
enzyme acting sequence when the probe is linear is particularly advantageous as it allows 
exponential amplification, as exemplified in Figure 6 of the application. By referring to this 
Figure, it can be seen that the first step in the amplification is the generation of a free 3 f end on 
the target nucleic acid strand. This may occur e.g. by strand selective nuclease digestion of the 
double stranded molecule generated by annealing of the probe if the target is DNA, or by RNase 
H action if the target is RNA. The generation of the free 3* end allows extension of the target 
molecule by polymerase. The extended sequence is thus complementary to the 5' probe 
sequence. 
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Large numbers of single stranded nucleic acid molecules may then be generated, either from the 
RNA polymerase promoter, if present, or by further 3* polymerase extension following repeated 
strand selective nuclease digestion of the double stranded molecules generated by the first 
polymerase extension. 

As the generated molecules (referred to in the Figures as SSEP) contain a sequence at their 3' 
ends that is complementary to the 5* template portion of the probe, free probe will anneal to 
these molecules, in addition to annealing to the target sequence. This allows for further, 
exponential rounds of amplification occurring whilst there is an excess of free probe present. 

Thus it can be seen that the probe of claim 1 is novel, and furthermore that its use provides 
significant advantages over the probes of Dl and D3 in that continued exponential amplification 
is provided for, when they are used in the method of the invention. 

It should be noted that the circular probes referred to in the claims are functionally equivalent to 
the linear molecules as now defined in claim 1, and provide the same advantages, as set out on 
page 39, lines 15 to 21. 

Claim 35, now found as claim 33, has been amended to clarify that the free probe referred to in 
step (d) is the same probe as used in step (a). This is apparent from the figures and the 
description on page 39, and this amendment serves to clarify that this is the case. 

In the method of Dl, the single stranded end product produced by the step equivalent to step 
(c), is annealed to a different probe and is elongated to generate a new RNA polymerase site (see 
the primer termed P2 in figure 1 of Dl). As such, claim 33 and the dependent claims should be 
considered novel over the method disclosed in Dl. 

With respect to inventive step, I refer to the comments made above in connection with the 
probe. It can be seen from this discussion that the amplification method that has been invented 
allows for efficient, isothermal amplification using a single probe. 

The kit claim 55 now refers to the presence of novel and inventive probes and as such should be 
considered both novel and inventive. 

Please acknowledge receipt of this letter and the enclosures by returning to me a copy of the 
enclosed EPO form 1037. 

Yours faithfully 
Frank B. Dehn & Co. 



Hanna Dzieglewska 
Enc/cst 
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83814.625 
Claims 

1 . A probe molecule comprising single stranded or partially double stranded 
nucleic acid, wherein said probe comprises: a target complementary portion, a template 
portion, at least one enzyme acting portion, with or without a 3 f end block portion and 
wherein said template portion comprises two identical or nearly identical sequences, 
which are separated by at least one enzyme acting portion when said probe is linear . 

2. A probe according to claim 1 , wherein said single stranded or partially do uble 
stranded nucleic acid is a linear molecule. 

3. A probe according to claim 1, wherein said single stranded or partially double 
stranded nucleic acid is a circular molecule. 

4. A probe according to claim 3, wherein said probe is circular probe, wherein 
said circular probe comprises one template portion. 

5. A probe according to claim 1 , wherein said enzyme acting portions comprise a 
RNA polymerase promoter. 

6. A probe according to claim 1 , wherein said enzyme acting portions comprise 
RNase H acting sequences. 

7. A probe according to claim 1 , wherein said enzyme acting portions comprise a 
nuclease digestion site, wherein said nuclease digestion site support digesting 
opposite strand of said probe when double stranded. 



8. A probe according to claim 1 , wherein said at least one enzyme acting 
portion comprises a restriction enzyme site. 
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9. A probe according to claim 7, wherein said enzyme acting portions comprise the 
combination of the RNase H acting sequences and the RNA polymerase promoter or 
the combination of the RNase H acting sequences and said nuclease digestion sites or 
the combination of said nuclease digestion sites and the RNA polymerase promoter or 
the combination of more than one of said nuclease digestion sites. 

10. A probe according to claim 7, wherein said nuclease digestion site comprises 
modified nucleotides, whereby said digestion site on the probe is resistant to nuclease 
cleavage and the opposite unmodified strand is sensitive to cleavage. 

11. A probe according to claim 10, wherein said modified nucleotides comprise 
phosphorothioate linkages. 

12. A probe according to claim 7, wherein said nuclease digestion sites comprise 
restriction site having a restriction enzyme recognition sequence and a cleavage site. 

13. A probe according to claim 12, wherein said restriction site comprises a type IIS 
restriction enzyme site. 

14. A probe according to claim 13, wherein the enzyme cleavage site of said type US 
restriction site is located on target complementary portion. 

15. A probe according to claim 14, wherein said type US restriction enzyme 
cleavage site corresponds to a SNP site, mutation nucleotide, methylation nucleotide or 
splicing site. 

16. A probe according to claim 13, wherein said type IIS restriction site is the Fok I 
site. 

17. A probe according to claim 1 , comprising helper primer(s), wherein said helper 
primer comprises at least one portion complementary or substantially complementary 

to a part of said probe. 
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18. A probe according to claim 17, wherein said helper primer comprises a 3' end 
blocking moiety, whereby the 3' end of said helper primer is not extendible by a 
DNA polymerase. 

19. A probe according to claim 17, wherein said helper primer does not comprise a 
3* end blocking moiety, whereby the V end of said helper primer is extendible by a 
DNA polymerase. 

20. A probe according to claim 17, wherein said helper primer comprises sequence 
complementary to the enzyme acting portion(s) with or without flanking sequences or 
to part of the enzyme acting portion(s) of said probe, w hereby hybridization between 
said helper primer and said probe makes the enzyme acting portion(s) double stranded 
or partially double stranded. 

21 ; A probe according to claim 17, wherein said helper primer comprises 3* end 
sequence complementary to a sequence 3* to one of the enzyme acting portions of said 
probe. 

22. A probe according to claim 17, wherein said helper primer further comprises 
target complementary portion(s), wherein the target region(s) complementary to said 
helper primer is adjacent or substantially adjacent to the target region complementary to 
said probe. 

23. A probe according to claim 22, wherein said helper primer comprises 3' and 5' 
target complementary portions, wherein the target region complementary to said probe 
is located in the middle of the target regions complementary to said helper primer and is 
adjacent or substantially adjacent to the target regions complementary to said helper 
primer. 

24. A probe according to claim 1 , wherein said target complementary portion 
comprises sequence complementary or substantially complementary to a target region 
of interest, whereby said target complementary portion of said probe hybridizes to said 
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target region of interest and becomes double stranded, whereby one or more than one 
or part of the enzyme acting portion(s) of said probe is partially or fully functional. 

25. A probe according to claim 1, wherein said enzyme acting portion(s), said 
target complementary portion and said template portion(s) of said probe overlap each 
other or have one portion embedded in other portions. 

26. A probe according to claim 1 , wherein said target complementary portion and/or 
said enzyme acting portion(s) and/or said template portion(s) of said probe comprise 
modified nucleotides, whereby modified nucleotides are resistant to nuclease 
cleavage. 

27. A probe according to claim 1 , wherein said target complementary portion and/or 
said enzyme acting portion(s) and/or said template portion(s) of said probe comprise 
chimeric RNA and DNA. 

28. A probe according to claim 1 , wherein said probe comprises a catalytically 
inactive antisense sequence complementary to a DNA enzyme in any place of the 
circular probe or within the 5' template portion with or without surrounding portion 
sequences of the linear probe. 

29. A probe according to claim 28, wherein said DNA enzyme is 10-23 DNAzyme. 

30. A probe according to claim 28, wherein said DNA enzyme is 8 - 1 7 DNAzyme. 

31. A probe according to claim 1, wherein said 3' end block portion is chemical 
moiety, whereby 3' end of the probe is not extendible by a DNA polymerase. 

32. A probe according to claim 1 , wherein any end of said probe and/or helper 
primer is attached on a solid support. 
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33. A method of detecting a target nucleic acid sequence or multiple target nucleic 
acid sequences of interest in a sample, the method comprising the steps of: 

(a) contacting probes or a set of probes in accordance with any one of the 
preceding claims with a nucleic acid sample under suitable hybridization 
conditions, wherein the target complementary portions of said probes or the 
target complementary portions of both said probes and helper primers (if 
present) hybridize the target sequence(s) and become double stranded, whereby 
one or more than one or part of the enzyme acting portion(s) of said probe is 
partially or fully functional; 

(b) causing all enzyme acting portions of said probes double stranded and fully 
functional; 

(c) treating said probes containing double stranded enzyme acting portion(s) so as 
to produce the single stranded end product (SSEP); 

(d) annealing said SSEP to free probes and causing all enzyme acting portions of 
said probes double stranded and fully functional, wherein said free probes are 
the same probes used in step (a); 

(e) repeating steps (c) and (d), whereby said probes are converted to double stranded 
or partially double stranded form, and multiple copies of said SSEP are 
produced repeatedly; and 

(f) detecting directly or indirectly the end products so produced: double stranded 
end product, SSEP and pyrophosphate (PPi). 

34. A method according to claim 33, wherein said method is performed in a 
single reaction or in separated reactions. 

35. A method according to claim 33, wherein said target nucleic acid is RNA 
and said step (a) causes one of the enzyme acting portion, the RNase H digesting 
sites, double stranded and functional; wherein said step (b) comprises: digesting 
RNA strand by RNase H, extending the 3' end of partially digested strand using 
said probe as template by a DNA polymerase, whereby all other enzyme acting 
portions on said probes become double stranded and functional. 
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36. A method according to claim 35, wherein said extending the 3* end of 
partially digested strand further comprises strand displacing by said DNA 
polymerase or other strand displacement factors. 

37. A method according to claim 35, wherein said other enzyme acting 
portions on said probes comprise restriction site or RNA polymerase promoter or 
both restriction site and RNA polymerase promoter. 

38. A method according to claim 33, wherein one of said en2yme acting 
portions is restriction site and is located on the target complementary portion of 
said probe, said step (a) causes said restriction site double stranded and fully 
functional, wherein said step (b) comprises: digesting opposite strand of said 
probes on said restriction site by a restriction enzyme, and extending the 3* end of 
the digested strand using said probe as template by a DNA polymerase, whereby all 
other enzyme acting portions on said probes become double stranded and 
functional. 

39. A method according to claim 38, wherein said extending the 3* end o f the 
digested strand further comprises strand displacing by said DNA polymerase or 
other strand displacement factors. 

40. A method according to claim 38, wherein said other enzyme acting portions on 
said probes comprise restriction site or RNA polymerase promoter or both restriction 
site and RNA polymerase promoter. 

41. A method according to claim 38, wherein said restriction site is the only enzyme 
acting portion on said probe. 

42. A method according to claim 33, wherein one of said enzyme acting porti ons is 
type US restriction site, wherein the cleavage site of said type DS restriction site is 
located on target complementary portion of said probe and the recognition site of said 
type IIS restriction site is on either side of target complementary port ion of said probe, 
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wherein step (a) causes the target complementary portions of said probe double 
stranded, whereby a functional cleavage site of said type IIS restriction site is formed; 
wherein said step (b) comprises: annealing helper primers to said probes and causing 
said recognition sequence of said type IIS restriction site double stranded. 

43. A method according to claim 42, wherein said annealing helper primers to said 
probes and causing said recognition sequence of said type IIS restriction site double 
stranded comprises: annealing said helper primers directly to said type IIS restriction 
enzyme recognition sequence with or without flanking sequences whereby double 
stranded recognition sequence of said type IIS restriction site is formed. 

44. A method according to claim 42, wherein said annealing helper primers to said 
probes and causing said recognition sequence of said type HS restriction site double 
stranded comprises: annealing the 3' end sequence of said helper primer to a 
sequence 3* to said type HS restriction recognition sequence and extending the 3' end 
sequence of said helper primer by a DNA polymerase using said probe as template, 
whereby double stranded recognition sequence of said type IIS restriction site is 
formed 

45. A method according to claim 33, wherein in said step (a) the target 
complementary portions of said probes hybridize to free 3* end(s) of the target 
sequence(s), said step (b) comprises: extending said free 3* end(s) of the target 
sequence(s) by a DNA polymerase using said probes as templates, whereby other 
enzyme acting portions on said probes become double stranded and functional. 

46. A method according to claim 33, wherein said enzyme acting portions of said 
probe comprise a restriction site, said step (c) comprises: digesting opposite strands of 
said probes on said restriction site by a restriction enzyme, extending the 3* end of the 
digested strand by a DNA polymerase, and repeating said digesting and said extending, 
whereby multiple copies of SSEP DNA are produced. 
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47. A method according to claim 46, wherein said extending the 3* end of the 
digested strand further comprises strand displacing by said DNA polymerase or other 
strand displacement factors. 

48. A method according to claim 33, wherein said enzyme acting portions of said 
probe comprise RNA polymerase promoter, said step (c) comprises: repeated 
transcription by the RNA polymerase acting on said RNA polymerase promoter, 
whereby multiple copies of SSEP RNA are produced. 

49. A method according to claim 33, wherein said enzyme acting portions of said 
probe comprise both restriction site and RNA polymerase promoter, said step (c) 
comprises: digesting opposite strands of said probes on said restriction site by a 
restriction enzyme, extending the 3 1 end of digested strands by a DNA polymerase, 
repeating said digesting and said extending, whereby multiple copies of SSEP DNA are 
produced, and repeated transcription by the RNA polymerase acting on said RNA 
polymerase promoter, whereby multiple copies of SSEP RNA are produced 

50. A method according to claim 49, wherein said extending the 3* end of the 
digested strand further comprises strand displacing by said DNA polymerase or other 
strand displacement factors. 

51 . A method according to claim 33, wherein said SSEP are DNA molecules or 
RNA molecules or both DNA and RNA molecules, said step (d) comprises: annealing 
said SSEP to sequence portions of free probes and extending the 3' ends of said SSEP 
using said free probes as templates, whereby all enzyme acting portions of said probes 
become double stranded and functional. 

52. A method according to claim 33, wherein said SSEP are RNA molecules, said 
step (d) comprises: annealing said SSEP to sequence portions of free probes, digesting 
said SSEP by RNase H, and extending the 3* end of partially digested SSEP using said 
free probes as templates, whereby all enzyme acting portions become double stranded 
and functional- 
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53. A method according to claim 33, wherein said probes are circular molecules, 
the sequences of said SSEP comprise one or more than one sequence unit that is 
complementary to said probes, step (d) comprises: annealing said SSEP to the whole or 
parts of said free probes, whereby said enzyme acting portions become double stranded 
and functional. 

54. A method according to claim 33, wherein said template portions comprise 
antisense DNA enzyme, said method produces multiple copies of single stranded 
functional sense DNA enzyme, said step (f) of detecting single stranded end product 
comprises: including a RNA or DNA-RNA chimeric reporter substrate in the reaction, 
wherein said RNA or DNA-RNA chimeric reporter substrate comprises fluorescence 
resonance energy transfer fluorophores incorporated on either side of a DNAzyme 
cleavage site, cleaving said reporter substrate by sense DNA enzyme, whereby cleavage 
of said reporter substrate produces an increase in fluorescence signal. 

55. A kit for use in detecting a target nucleic acid sequence or multiple target 
nucleic acid sequences of interest in a sample, said kit comprising: said a set or sets of 
probes as defined in any one of claims 1 to 32, said helper primers, said detection 
substrate, said restriction enzymes, said RNA polymerase, said RNase H, said DNA 
polymerase, buffers, dNTPs, NTPs. 



